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Abstract 
A FFT algorithm with the DSP processor based on TMS320C5402 and fluorescence thermal measurement based 
on DSP are proposed. Basing on the Fast Fourier transform (FFT), the fluorescence lifetime is obtained from the 
tangent function of the phase angle of the first non-zeroth items of the FFT result. This method has a series of 
advantages such as quick calculation, high accuracy and immunity to the base signal, so the stability, real time and 
speediness of fluorescence thermal measurement system can be advantaged. 
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1. Introduction 
 Temperature is a  basic physical quantity which express the hot and cold degree of object and is one of 
the most important measurement parameters in measured science and industrial process control. All the 
processes in nature are closely related to temperature. With the level of industrial automation increased 
and continuous production scale expanded the need of temperature measurement becomes greater and 
greater. Due to the high temperature, the high voltage, the big electromagnetic interference, traditional 
electronic temperature sensor can’t be used in many conditions, the alternative method must be adopted 
[1]. The temperature sensor based on optical fiber with the advantages of anti-electromagnetic 
interference, high temperature resistance, corrosion  resistance, small size and other characteristics will be 
an effective prepared scheme .It has a very wide application prospect in industrial production. Optical 
fiber with a wide spectrum that light can get through,  low transmission loss is convenient, whatever is 
used directly or to spread in short distance. Moreover the diameter of optical fiber is small and can be 
 
* Corresponding author.  
E-mail address: winnerjia@sohu.com. 
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
2865Danping Jia et al. / Procedia Engineering 29 (2012) 2864 – 28682 Author name / Procedia Engineering 00 (2011) 000–000 
 
used in a single、bundle、Y or array way. The structural arrangement of optical fiber is easy and has a 
small size [2]. Therefore, the temperature sensor based on optical fiber is applicable for all detection 
objects. It also can be used in special occasions where other temperature sensors are difficult to use such 
as seals,  the high voltage, the strong magnetic fields, radiation, rigorous proof, waterproof, corrosion 
resistance, especially small space or especially small parts and so on[3]. The fluorescence thermal 
measurement based on DSP is proposed in the article. 
2. The principle of temperature measurement system 
According to the differences of processing approach of fluorescence signal, fluorescence temperature 
sensor can be divided into three types ,namely fluorescence intensity, the ratio of fluorescence intensity, 
fluorescence lifetime. The sensor based on fluorescence lifetime is used in this design. The biggest 
advantage using fluorescence lifetime to measure temperature is a single temperature conversion value 
determined by the relationship between the fluorescence lifetime .It can’t be affected by other external 
conditions(such as the changes of the  intensity of excitation light ,the efficiency of optical fiber 
transmission, the changes of coupling degree and so on),thus it has more obvious advantage on the 
principle than the method of temperature measurement （using the intensity of fluorescence peak or the 
method of temperature measurement using the ratio of  intensity） which uses light intensity as the 
temperature sensing signal[4,5]. 
At present the data processing methods of fluorescent afterglow curves are the least squares method 、
the integrated area ratio method L-M method and FFT. FFT is not influenced by DC component. The 
fluorescence lifetime is obtained from the tangent function of the phase angle of the first non-zeroth items 
of the FFT result. This method has a series of advantages such as quick calculation, high accuracy and 
immunity to the base signal. Compared with several other traditional fitting methods, the measured error 
of FFT is small. In addition, the method of FFT is not influenced by the base signal. thus It doesn’t need 
to remove the base signal when we process signal, can reduce the time of measurement and  improve the 
resolution of measurement. 
3. The analysis of Fast  Fourier algorithm 
According to the exponential decay law of the fluorescent afterglow, the guiding ideology of 
fluorescence lifetime method based on FFT algorithm is proposed .when the excitation light stops, 
fluorescence will not immediately disappear and decline in the form of index. The time which 
fluorescence disappears is called fluorescence lifetime. It is expressed by τ. Fluorescence lifetime τ is a 
function of temperature T and has nothing to do with the light intensity. Fluorescence decay signal can be 
expressed [6]:     
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Where ΔT is the interval of sampling time. The n term of the Fourier transform in (1) is: 
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The other items have no relationship with the DC component except 0 item. The fluorescence lifetime 
is calculated by using the first non-zero entries. The tangent function of the angular value is : 
1
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From the formula, it can be concluded that the phase tangent Q1 of the first non-zero item about 
Fourier transform is a single-valued function of the fluorescence lifetime τ, which has no relationship with 
the initial light intensity A and the base signal B, Fluorescence lifetime can be calculated as: 
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4. The system of fluorescence thermal measurement 
The fluorescence processing system mainly consists of: Optical fiber fluorescent temperature sensing 
probe、photo electric conversion part、the part of the light pulse trigger、weak signal amplification、 
fast A / D converter and DSP digital signal processor and so on. Fluorescent sensing probes are directly 
connected with optical fiber, which becomes a part of optical fiber. Actually it is made into an end of 
optical fiber where there is a special phosphor which can give out fluorescence after irradiation by light. 
when measuring ,optical fiber fluorescence sensing probe must be fixed with measured object to achieve 
a number of direct contacted temperature measurement of the measured objects. 
Optical fiber fluorescence sensing probe and optical fiber coupler are connected with the part of photo 
electric conversion through conductive fiber. So the isolation with high magnetic field and other harsh 
environment is achieved very well. It has high dielectric strength、the ability of resistance to strong 
electric and magnetic fields. The weak signals which are Processed by the multi-level amplification 
transmit to A / D. Finally it is processed by digital signal processor .Thus it extends the distance of 
temperature measurement greatly. 
The measurement system block diagram of fluorescence afterglow is shown in figure 1. When the 
entire temperature measurement system works, at first, the control circuit of MCU issued a control signal 
which makes Light-emitting diode sent out a light pulse. It is transmitted to the spectral slice by 
conductive optical fiber, then it is transmitted to optical fiber fluorescence temperature sensor probe by 
Spectral slice. The phosphor which is at the top of optical fiber fluorescence temperature sensor probe is 
excited by the excitation light pulse ,then it will give out fluorescence whose margin decay with time 
changing .The fluorescence whose margin decay with time changing are mixed with the trigger light  
pulse signal and it is transmitted back through conductive fiber. Then the fluorescence whose margin 
decay with time changing are separated by spectral slice, at the same time it is transmitted to the part of 
photo electronic conversion. The weak current which is obtained by converting is processed through 
multi-level amplification and A / D converter circuit and is transmitted to DSP where it will get further 
processing. A large amount of data which is collected is mathematically analyzed and processed to 
calculate fluorescence lifetime τ, thus the corresponding temperature is calculated by further calculating. 
Excitation light is not visible. It can’t be transmitted through spectral slice and only be reflected. 
Fluorescent afterglow is visible and can be transmitted through spectral slice. 
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The filter has two effects: the first is to remove a small amount of excitation light and other stray light; 
the second is to filter out other peaks of the fluorescence spectra and only to keep light which is near the 
band of the useful peak. thus it is helpful to improve the accuracy of the system. 
The light path map of the system is shown in fig.2: 
 
 
Fig. 1.  The measurement system block diagram of fluorescence afterglow 
 
 
Fig. 2. The light path map of the system 
The rising and declining curve of the fluorescence signal which is excited is generated and it is 
described as the first-order exponential function. Time constant is a function of temperature, however, the 
leakage of the excitation light, background noise and other interference signals must be suppressed 
effectively in practical application. The above problems are well solved by using the technology of DSP 
to measure the decay time of fluorescent sensing material real time. In order to fully play the fast 
processing data capabilities of the DSP chip, we select Maxim's high-speed A/D MAX1420. MAX1420 
requires a 3.3V DC voltage to supply, whose quantify median is 12 and the maximum conversion rate of 
it is 60MS / S. A / D converter circuit is shown in fig.3. τ is calculated through the output data of A/D 
conversion which is processed by using fast Fourier transform (FFT) with the TMS320C5402, moreover 
the temperature is calculated according to the value of τ. 
5. Conclusion 
The method of time constant based on fluorescence lifetime is to achieve the measurement of 
temperature by measuring the time constant of fluorescence lifetime. The biggest advantage of the 
method is that the measured temperature only depends on the time constant of fluorescence material. It 
has nothing to do with other variables of the system. Compared with the method of light intensity, it has 
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more obvious advantages on the principle. DSP chip is used to process the digital signal. Digital signal 
processor (DSP) is a processing digital signal chip which is invented for the application of digital signal 
processing. Compared with general purpose processor, it has higher performance in the field of digital 
signal processing. It is superior to general purpose processor in the area of low power, the execution 
efficiency of the instruction, cost and so on. Maxim's high-speed A / D is used by A / D converter 
sampling, which keeps up with the processing speed of DSP fast. Thus the high speed and stability of the 
system of Fluorescence Thermal Measurement are improved greatly. 
 
 
Fig. 3. A / D converter  circuit 
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